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The present Invention is related to the prolonged release of an a«ive 
a9 en, from a dosage fomr. More particularly. . relates .0 a an ad^ agen 
d „saga form adapted for re«en«on in .he stomach for a sustained panod for 
,. delivering the acuve agent.0 a fluid environment of use. 

p^r-pm inn OF THF INVENTION 

Confrolled release dosage forms that provide for prolonged d-W - 
, 5 acfl ve agen, ,otmu,a,i ons ,0 - environment of use have found app„ca„on for 
increasing numbers of active agents. However, with respect to 
'Zr ica, and veterinary ac*e agent — , there hasten a 
eed no, on, ,0 provide for prolonged delfce. o, *. a*e agen. evejhme, 
M also .0 provide prolonged delfcery o,«he aCive 
20 ,oca« on or locations in *e environment 0. use. such as ~ ^ 

Certain adive agenls are absorbed primarily from me small mtestne. 
Generally me time 0. passage of differen. particles through .he small 

does no. va. significant*, and passage is genera,, indepen en. of 
2 in.aKe and particle size. Thus, adive agen, delved in iigui^d 
, ,„»n, disoersed in liquid and relatively larger delivery unrts of adrve 
^ I:;::—:- and the ,e, - *~ - - » 

intesune in subsU,n.ially me same ame tame, usually abou. 3-5 hours. For 
ITagL .ha. are no, easily absonoed by .he small in.es.ine or *a. do no, 
live readily. *. window for ad,ve agen. absorpdon in £ sma, , sbne 
. may be too short ,0 provide a desired therapeutic effect Th,s fact often 
Zm a need for frequen, dosing 0. acuve agent in order ,0 prov.de and 
ZZL adequate fcvels 0, acdve agen. in biood plasma. The need for 
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frequent dosing presents compliance probiems and is often inconvenient for 
the user as well. 

Since it has been found difncua to atter the uansK time of aCve agen 
thr ough the small intestine, some emphasis has been piaced on attempang «o 
1 , the bansi, time o, * agents in the stomach. Most active agen, 
are no, we,, absorbed in the stomach, but even in those instences wh m *e 
active agent is no, well absorbed, the oon*uous release o, acbve agen, , 
Z — over a prolonged bme period - dispense ^ £ over ha, 
same period o, ,ime to the small intestine where i, can be absorbed. W* 
„ere is a sound basis for such an approach, physiologica, charartenstica o, 
th e stomach and ,he dfcesbve process have no, allowed for much poor 
success, since ate residence ttme o, a pedicle in me stomach . only m„dly 
dependent of food intake or particle size. 

The physiological behavior of the stomach is usually determined by 

■ . • . or la emotv Food is mixed and partially digested in 
, 5 whether it contains food or is empty, ruu 

.he distal stomach (anUum). As the stomach undergoes oonttacbons, 
partial* digested material is dscharged in,o ,he small intesune and non- 

22 L- - * - main part - - s,om T ' 

digesuon in the fed stete, non-dlges,,b,e matenal is no, genera,* able to 
£t s,omaoh. At ,he end o, a digestive period, .he stomach enters the 
,as«ng stage and begins a cycle c*d the invest- myoeleCnc motor 



10 



20 



cycle or IMMC. 

The IMMC can be considered to be divided into four phases. 
(1) ph ,se 1 is an approximate* one hour period wKh no contractor 
2S (2 phase 2 is about a forty minute penod of intermittent potenbais and 
^ons that increase in intensity over bme; (3, phase 3 is a **« 
short penod. generally between about nve to Ween minutes, of intense 

empties the stomach; and (4) phase 4 is a short transitory penod brfween me 
, rnseacbvi tf o,phase3and,he q u,escenceofphase 1 . Thedineren, 
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approximated two hour period as the cycle is repeated. Since the oyole . 
interrupted by the receipt of food by the stomach, it is possible to delay the 
emptying phase, phase 3. by maintaining a fed state. However, it is not 
practical to regular* maintain the fed state over a long period of time. 
. consequently, a need exists for a delivery device that can remain in the 

stomach for a signffican. pen*, whether in the fed or fasted state, and delrver 
active agent to the stomach over a prolonged period of time. 

A variety of studies have been conducted in dog and in man to 
determine sizes of objects that would be retained in me stomach during the 
„ fed stage and also in the, asting stage when IMMC is present. Khosiaand 
Davis, .-.-. ^.^.innrnalofPhatm aceute, Vol. 62 (1990), pages R9-R11 
have reported that a particle size less that 2 mm genera,* results in emp^ng 
from the stomach of the dog. Non-dlsintegrating tablets having sizes of 7. 
11 and 13mm in diameter were emptied from the human stomach, but the 
. larger sized tablets tended to remain in the stomach longer than the small 
sized tablets. Tablets larger than 1 1 mm tended ,o be emptied only dunng 
the IK Davis et a,.. PbamtaeufcMB^. Vol. 8. No. 10 (1991) has 
described retention of radio-telemeby capsules having a size of 25 x 8 mm ,n 
the stomach of human subiects pas. phase 3 of the KMC Timmermans 
20 at a,.. Jjm^mmm^S^. Vol. 82. No. 8 (1993) has reported 
the mean res«ng pyloric diameter in humans as 12.8 ± 7.0 mm. Accordingly, 
it is important that gastric retentive deBvery vehicles are adapted to 
disintegrate, dissolve or erode to sizes that permit eventual eliminahon of the 
vehicle without causing gastric obstruction. 

Various attempts to provide active agent delivery devices that remam 
in the stomach for extended periods or time have been described previously. 
For example, U.S. Patent No. 4.851 ,232 describes a hydrogel reservo,r 
containing tiny pills having a a*e agent core surrounded by a wall 

,„ stomach to facilitate retention of the active agent reservoir in the stomach 
over time. 



WO 99/07342 



4 



CTAJS98/16S97 



U.S. Patent No.4,871,548 describes a dosage form including a 
mixture of low and high number average molecular weight 
hydroxypropylmethylcellulose polymers and active agent that swells when 

in the stomach. 

U.S. Patent 4,767,627 describes substantially planar devices formed of 
bioerodible polymer including active agent that may be compressed and 
folded for oral administration and then released and unfolded in the stomach, 
where the devices are to be retained over an extended period of time. The 
devices have a longest diameter of between 1.6 and 5 cm. It is suggested 
„ that as an alternative to incorporating the active agent into the dev.ce a 
controlled release active agent module, mechanically or osmotically dnven, 

can be glued or tethered to the device. 

U S Patent 5,443,843 describes a plurality of compressible retention 
arms and an attached controlled release device which in the expanded form 
„ resists gastrointestinal transit. The system can have a collar or a belt for 
receiving and holding a active agent-containing, orally-administrable 
controlled release device. In a fully expanded configuration for human use, 
the system is described as having minimum and maximum dimens.ons of 
2 5 and 6.0 centimeters, respectively. 

U S Patent No. 5,007,790 describes a sustained release active agent 
dosage form in the form of a capsule or tablet that includes a plurality of 
hydrophilic water-swellable, cross-linked polymer particles that swell in the 
stomach to promote gastric retention and permit gastric fluid to penetrate the 
particles to dissolve active agent and deliver it to the stomach in the solut.cn 
25 state The particles are indicated to retain their physical integrity over the 
dosing period. Initially sized particles, indicated to be preferably spherical, 
are disclosed to be in the range of 50,m to 2mm, swell to a size of about 
3mm. A plurality of particles are packed into a capsule for administration to 
a patient 

U S Patent 5,582,837 describes a dosage form similar to that of U.S. 
Patent 5,007,790, wrthout the use of a cross-linked hydrophilic polymer. The 
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particles are described as siippery and son. preferably spherical, and havmg 
dimensions on the order 0,6 ,o ,8 ram m the swollen state. The partdes oan 
be packed into capsules containing 7-25 spherical particies, dependmg on .he 
s ,ze or formulated into tablets that contain from 2-25 spherical particles. 
« ' Theuseofalbumin^oss-linkedpolyvinylpynolidonehydrogelsto 

deliver flavin mononucleate to dogs has been described by Pa* e. al. in 

mmm£a mmsm^- *•« < 1992 > «- 131 " 134 ' The M T S 

^ mainlined in me stomachs o, dogs for extended periods, even ,n the 
tested state. Gels with a glassy core tended to remain in the stomach longer 

,o than hydrogels without the glassy core. Control of fhesize of the core was 
attempted by administration o, water in the stomach. While it . possrb e , 
control me dimensions of .he hydroge, in me dry stete. contrcllmg .he srze 
me glassy core within the hydrogel after administration to a sub,ect by 
addition of water is no. suitable for fabrication of a dosage form that can 

. routinely and conaollably be retained in .he s.omach o. a subject over a 

orolonqed period of time. , 
P While . is important era. the delivery device be adapted to remam ,n 
,he stomach for a prolonged period, * is also important ma, me e«e de„ver 
acbve agent in a controlled manner. Delivery systems, such as those 
20 described below, are rep— ve o, me many drfferen, systems have been 
suggested for such controlled delfcery of acflve agents over a prolonged 
period of time. 

For example. U.S. Paten, No. 4.290,426 to Lusted e. al desonbes a 
cylindrical dispenser for releasing a beneficial agent into a fluid environment 
. t rate ma, I governed by me fluid induced relaxaflon of a polymenc agen. 
contained within the dispenser. The cyiindrical dispenser includes an 
permeable container tha, has within I, a reservoir and a passage* , from 
ft. re servoir to me exterior of me container. The reservoir contents a 
polymer and a beneflcial agent. The polymer imbibes fluid from the 
, e— and thereby undergoes relaxation, releasing fhe benefice, agen, 
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fro m me device. The amoun, of agen. released is dependent on .he rate o, 
relaxation of the polymer over time. 

Coated dosage fotnts have a,so been suggested for deWery * a 
cnWed amoun. o, a beneficial agent over a prolonged period «*U* 
. Paten. No. 5,256.440 desctibes a process for produCng a film «- - *- » 
tan. A continuous groove is inscribed in a dosage form core. A latex film is 
rJSl - ,e groove defining a fixed ,one and a de— - 
forthefilm The detachable portion of me latex film detaches when ,* rs 

.he environmen. of use, tinereby exposing a d,scre.e portion * .he 
. TosTe form core surface. The remainder ofthe fiim remains attached .0 me 
d ZeL-e. Theexposedport,onof.hedosageformsurtaceerodes 

and releases active agen. .0 me environmen. of use 

Coated tablets for constant and prolonged active agen. release are 

described Come e, al in ^^3^. ™- * O-O «» * 
. TZe GEOMATRIX™ Systems are swellab, matrices the. are ca ed or 
in polymeric buyers. Release parlances 0, me system 
rlula,: as a resuti 0, tine reduction 0, me 
m e dissolution medium by fine polymetic banier layer ^ ^ 

20 system shift toward constant release. y 
■ . o patent No 4,839,177 to Colombo et al. 

U S pin. No. 5,534,283, which is ,noorpora.ed herein by reference 
describes a dosage form useful for the prolonged delivery o, an active agen, 

SL n «» form o, a mattix having two or more insoiubfe bands on tin 
formulation m ^ ^ ^ jn , TOnner 

^ tti^^^ate^addrtional^urface areas to provide for prolonged release of an 
active aoent formulation with determined release profiles. 

3 Tdd ona, oral. *- *""» "» ^1 

- L junc Patpnt No 3,845,770, mini- 

'sl. mux. 
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. ush melt and push-stick osmofc pumps, such as mose dascribad 
, 94 „,65. an o, whfch are — d herein 

' - ^ -d .a ^ - 

incre ased ^^T^ wa8 incre ased ova, that observed 
The total amount of acyclowr ^ e inf , uenc e of food on gastric 

wtth administration of acyclowr tabtets. The ,nf 

absorption of the active agent. 

SUMM^^ 

15 

k «d in tha above-referenced pafants and publioations. 
As can be "^^^ fo , prolonged ««, of an active 
aevices have bean desc^ ^ P ^ ^ . 

agert and refenbon ^ ^ an ^ agenl ,„ t he 

20 continuing need for .mprovea y 

g astric environment over . P- ^ fe . ^ for 

wnW ,,ab,e and ^ ,„ fc stomac , ev en durir* a 

sustained «W **- «* « <° e for exampte 

(a s U „g stete in which ,MMC ^ should exhibit a 

2S w abou, 4 hours fo up to abo^ 20 4 ^ ^ 

stomach into the pylono sphnxter n - 
act'^e agent in a reproduce, conUotled manner, 

„• k, the oresent invention is directed to a dispensing device 
Aocord.ngly. the present n in ^ stom ach over 

that will provide increased retanhon we of tha 
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, a nH release an active agent formulation in a 
convention, dosage forms and e^e ^ ^ 

reliably controllable manner, and further 

manufacture. fc an active agent dosage form 

In one aspect, the mverra ^ach of a human or 

, for »e protonged — » °' - Z ST- • P*- 

maW x formed of a of ^ ^ hydraattractant 

wh en I. oonfao, «m M - or ^ 

„ segment In which sweW of the hyd g ^ 

— « — " S Tinged penod o, dme. , one 
— « in ^l^seotton o, «te dosage fonm oompdses one 

rigid segment of the dosage fotrn. ^ , f more man 

^ aforemendoned ,nsotuh,e m t U, ^ 

o„e hand * — > P-ofcng* £ £ ^ aees the testdence *. of 
, re ta,ns tts intog* in an expanded . *M ^ , he 

„ dosage form ,n the ^ J^nds and pr0 , de s the potymer 
portion of the potymer matnx <** * » form , 0 resist me 
roaW x * enough dg«y » pen™* d»^ ^ 

— « - ,h rr Z n fot a ««* ptotonged 

be absorbed. dQsage forrn comp rises (a) a 

so ^ still another aspect, ft . ** & matrix in 

therapeutically-effective amount of an act.ve 



^^CT/US98/16S97 

WO 99/07342 




9 



A . icnprsed the polymer matrix including 

a high molecular werght. water P water-soluble 
a wa ,e,-insoluble polymer, and. opbonally, non poV ^ ^ 

exapte n,s a. powers o, to me 

environment of use, ana w 

portion otme outer surface ottne ^""^ and calcium 

Examples o, water soluble P*-""^ P*-***" 

pontic ac*. polvacn/lo .* ide , hydr o*ypropy> 

u nnlvvinvlpyrrolidone, polyetnyien* 
„ oo-maleio anhydnde. poly«W ^ 

cellulose, hydroxypropyl methyl oellu 

^oxymetnyl — te '^l"2mn. xantban gum, 
c „,ny, — gom , a, gi „ te aotd, peotin, pre- 

tragacanth gum, agar, geiian g ers 

subs «u,ed hydroxypnopyl cellulose, cellulose 

cenutose. sod,um or , ^ ^ 

flber , crossed PO^- ' 22 J*M— 
, lnk ed AmbedKe resin, alg rtce aarch granules, 

- — ^ — rr ^PoC— and sodium oarPoxymetby, 
pctato starch granules, zern, soy p > 

a,a,ch, and blends of these Wu de sugars. 

samples o, "-H-*-^ ^el maltose; satts suoh as 
SU ch as mannKol. ^"£ZL — « « — "* ^ 





. • „ tamine lysine, methionine, phenylalanine, 
glycine, hisMne. isoleucne. ^ buffe ri„g agen* 

pro ,ine, sedne. ^ ^ acid , {uma dc 

- " *° "* rSXhate monobasic, .anadc ac* solium 
add, sodium acetate, sodmm pho loxame rs, polysomes. 

, porassium -^-^ « „ ^ add btend ed * 

10 in this invention. ^ gn ^ agent d0 sage 

ln another aspect, the .nvent,on P ^ ^ g 

form adapte d to amount of the active agent 

pro ,onged time penod. . ^ ^ fime period 

with the relative absorpt.on .ndex ^ ^ 

Preferably, the amount of active age 

" ^ L 2 tel. invent « be a, leas. 50%, and most 

prolonged penod £ PJ* ^ ^ deliverabte , n a „ 

preferably at least 80 A. of the am ^^p^oi 

In still another aspect, the comprising a 

polymer mafrix formed of a water so ^ ^ 

a *— * h ^10^ percent and .he we*, 
molecular weigh, polymer ,s abou. 1 0 

percent o, ere hydro—, is abo* o 70 we* P ^ 
2s m a fudher aspect o, the ^ „ 

common compdsing about 5 moteoular weigh, of 

. polyethylene oxide polymer hevmg J , ^ 

^een about ,00,000 and 9 m.or ' „ poly mer 

percent ,o about 70 weigh, percent ™ , ^ ^ t0 about 
30 having a hydroxypropyl con.en. of between 

, 3 weigh, peroen, of are hydroxypropyl oellulose poly 
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ln another aspe. o, the the ^ 

whi ch the active agendo „ ^ ^ ^ ^ ^ ^ ^ 

agon, reservoir. The P*« retains the a cuve 

5 placed about the reservoir, such that swen g rtiest0 

agen, reservoir v«n the tuhe or *. - P 

. from me reservoir to substamraily increase •» ^r 
dos age form over tba, exhibited in the dry ' ^ 

properties of the polymer matrix, the oosay 

for a prolonged period of time. gas ,„c-retentive, 
„ ,„ „ another aspect, fhe ^ 

20 preferably greater than 1. fo[m 

, n a nrrther aspect o, * «— ^ ^ agent in a ge, 

,„ another aspect, the dosage ^ 
may compdse a gastricemptying delaying ^ stomach. The gastrtc- 

«- - — nrr— - — 

3 o emptying delaying agent may be como. 
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the active agent for local delivery to the environment of use or it may be 
led on the dosage form to provide the desired physiological response to 
delay onset of the IMMC and facilitate retention of the dosage form .n the 
stomach. 




The figures a* no. drawn ,o scale, but are set forth fo ftM various 
embodiments of fhe invention. LiKe numbers refer to like strudures. 
. RGs. , A and 1 B illusnate one embodiment o, the deliver, devrce of 

present inven«on, me devioe in FIG. 1 A <°>^^«*« 

ta FIG. IB represent the banded devioe in prepared form P r,or to 

p,acement In .he stomach. 1B , nits ,„ itl al,y-swollen state after 

, s FIG. 2 illustrates the device of FIG. 1 B in its irons y 

having expanded in the stomach; 

FIGs. 3A and 3B illustrate the dev.ce of Fig. 2 at later stag 
device has eroded in the fluid environment of use; 

£ 4A-40 illustrate another embodiment o, the invent in which 
20 wo hands of insoluble materia, have been incorporated on the device 

illustrated in Fig. 1A; 

FIG 5 illustrates another embodiment of the mvention that 
incorporates . swe ,,ab,e polymer mamx tube or ring formed about a separate 
al agent reservoir for dispensing a*e agent «o me environment of us, 
, s « a illustra.es an embodiment o, me invention tha, includes a hand 

o, insoluble material circumscribing a portion of .he devioe of FIG. 5; 

FIG 7illus.ra.ess«anome,emhodimen.o.theinvenhonwhera.he 

, emal 1 .ube or ring is .ormed wim soli, ends which in k swollen s.a,e 
mt:l o, ete pV - or ring .ring 0— and swelling 
30 to provide a larger effective diameter; 
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PIG 8 illustrates a representative in vitro release rate profile for the 
drug acyclovir from an embodiment of the invention illustrated in F,g, 1-3; 

PIG g presents the corresponding cumulative dose of acyclov,r 
released as a function of time from an embodiment of the invention illustrated 

5 in Figs. 1-3; and . 
FIG 10 represents the blood plasma profile in dogs of aeydov,r 
delivered from the embodiment of .he invention illustrated In FIGs 1-3^ 

F,G 11 illustrates a representative in *o release rate profile for. he 
d(ug ganciclovir from en embodimen. o..he invention MM in W 
FIG 12 represents the corresponding cumulative dose of gancclovr 
ceased as a funcUon o, bme from an embodimen. o, .he invention illus.ra.ed 

in FIGs. 1-3; and . . 

FIG 13 represents the blood plasma profile in dogs of gancclov.r 

delivered from the embodiment of the invention illustrated in FIGs. 1-3. 

DErmEODESCRlPJlQriQ^ 

The present invention provides an active agent dosage form that is 
retained in the stoma* for a sustained period ofdrne and .ha. is useful for 
, "aged deliver, of an acnve agent for—. .0 a fluid environment o, 
1 Z nvenflon provides for initial and subsfontiall, complete de„ver, of 
a „ acbve agen. ,ormu,*n In the stomach o, a use,, where the aC«e agen. 
may be absorbed or released from me stomach to be absorbed ,n the 
llin.es.ina, tract In parBcular applications the gestae retenbve dosage 
/^olth.lnven^nn^al^fot^^d^gole.eac.e^ 

L w«h immediale release formulatfons o, sunned release formulas 
that are no. gestric retentive dosage forms. In other applicaWns the 

of dosing ma, be *. same. bu. the gastnc retenKre dosage forms 
wi „ beneficially alter me absorption proflle of.be acBve agen. from Are, 
x availabte wrm immediate releese formuletions. This ma, resuK m . creased 
bioavailabiln, o, me active agen. or reduced side effects, for example. 
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Definitions 



The phrase "prolonged delivery" or "prolonged period" intends a period 
of delivery that lasts for several hours to about 24 hours, usually up to about 
5 1 2 hours, and often between about 4 and 1 4 hours. 

By "insoluble" is intended a material that will not substantially dissolve 
in the environment of use during the delivery period. 

The term "active agent' refers to an agent, drug, compound or other 
substance, or compositions and mixtures thereof, that provide some 
10 pharmacologic, often beneficial, effect. Reference to a specific active agent 
shall include where appropriate the active agent and its pharmaceut.cally 
acceptable salts. 

The term "polymer matrix" as used herein means a mixture of a water 
soluble, high molecular weight polymer and a hydroattractant. 

The term "active agent formulation" intends the active agent or the 
active agent optionally in combination with pharmaceutical^ acceptable 
carriers and additional inert ingredients. 

The term "active agent formulation matrix", as used herein, composes 
the active agent formulation in combination with a polymer matrix, and. 
20 optionally, other pharmaceutical excipients. 

The terms "adapted for gastric retention" or "gastric retentive mean, 
with respect to the dosage form of this invention, that the dosage form w..l 
remain in the stomach of a subject for a prolonged period of tone. 

The terms "rigid" and "semi-rigid" mean, with respect to a port,on of the 
25 active agent formulation matrix or polymer matrix as defined above, that such 
portion will not swell and form a gel when initially contacted with gastric flu,d. 

The term "bioerodible" intends a material that will, at least in part, 
dissolve, degrade or erode in the fluid environment of use. 

The term "bioequivalenf intends, with respect to an active agent 
30 dosageformofthisinvention^^^ 

the bioavailability of the active agent as determined by standard methods ,s 
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80-125% of the defined dosage form and thai there is greater than a 90 
probabHI* that the maximum blood plasma concentrabon and Ore mrnimum 
led plasma concenfrabon o, the acbve agent as measured by standard 
methods is 80-125% of the defined dosage form. tonolumer0( 
The tern, -polymer- means a material formed from a smgie polymer or 

a mixture of polymers. 

The term "sustained retenbon period" means the durabon of time equal 
* or exceeding a. leas. Wee .he durabon o. lime belween the administrabon 
of single doses of an acbve agen. M is intended 1o be administered more 
,o than onoe (e.g..b,d. lid. g4h or q5h) over a 24 hour period. For example, t a 
I e agel. dosage form is intended for « dosing (i.e.. 3 bme a day or every 
8 hours), the sustained retention penod with respect to such active agen 
W ould be a least 16 hours. In me case of a active agen. intended for q4h 
dosing. I.a., every 4 hours, the sustained retention penod would be a. leas. 

" 8 H ° U,S The term "relative absorption index" means me rabo of the amount of 
active agen. delivered over a sustained retention period by a single 
£J» of .he dosage fom, o, .his invenbon te «te amoun, of acbve age, 
delered by a muKpte dose regimen of an immediate reiease, acbve a^n. 
. dosage form over me same susteined retenbon period, as determine from 
th e L under .he blood plasma cu W e o, .he subject to which the aobve 
agen. is administered, wherein me tote, amoun, of the active 
le dosage form of the invent is egua, to Ihe tota, amount o ac^en 
contained in me multiple doses of me immediate retease, acbve agen, dosage 

" f °' m ' The term "swellable" means, with respect to a polymer or a polymer 
mafrix, ma, the polymer or po^me, matrix is capable of imbibing fluid and 
expanding when in contact with ftuid present in the environment of use 

The terms 'Iherapeutically effective" amount or rate refer to the amoun. 

30 or rate of the acfrve agen, needed to effect the desired pharmacologic, ofren 
beneficial, result. 
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The dispensing devices of me invention find use, for example, in 
nun*™ or other animals. Tne environment o, use is a ft* environment and 
for me purposes ot this inventor prima* inoiudes ate fluid environment of 
the stomach and ate upper intestinal .root or small intesUne. A single 
, dispensing device or several dispensing devices can be administered to a 
subject during a therapeutic program. 

The invention will be better understood wtth reference to the drawrngs 
and the descdptton herein. FIG. 1 depicts one embodiment of the deliver 
device fO according to the present inventton. The deHvery device or acttve 
. agerttdosagefonmocompnsesapolymermatnxff having acttve agent 12 
lied by .he multttude of dots, dissolved or dispersed .herein. Former 
Lfc 1 1 typically is formed of combinaaon of a swellable, high molecular 
weight, water-soluble po^mer and a hydroattraotant. 

Representative examples of the swellable polymer compnsmg h,gh 
. molecularweight. waler-soluble polymera are poiyethyiane oxide and 
cenuloslo polymer derives indudlng hydroxypropyl cellulose, 
hydroxypropyl methyl cellulose, hydroxyethyl cellulose. sod,um oarboxy 
Sll calcium oarboxymethy, ceilulose, mettty, cellulose, as we,, as 
nonceilutosics such as maltodexttin, polyvinyl alcohol, polyac^c acds 
, alginates, gelattn, natural gums, including guar, lightty crashed vers.on-1 
„L polymera. starch graft copolymers and, he ,*e. The polymers genera,, 
have number average molecular weighls over 50.000 grams per mo, , uoh 
as between 50,000 and 10.000,000 grams per mote and representattve 
littes. e.g. for polyethylene oxide in the range of 12-20,00 ^ 
. 25-C MW 100.000-000,000), 400^000 cps (2% a,, 25'C. MW 1,000,0 00- 
OOol) and 1500-15,000 ops ,1% ag, 25'C. MW4.000.000 - 8,000,000, 

p^eld viscometer, rotational sp,ndle, ; for melhylcellulose * ,,he ,ange of 

',500-18,000 cps (2% a,, ZTC MW 62,000-1 34,000, ^bbaoh elut* 

viscometer,; for hydroxypropyl methylene in ttte range o, 4£10M00 
. cps (2% aq 20°C, MW 88.000-242,000) lUbbelohde tube vrscometer], for 
ZZZ ce„u,ose ,n ,he range o, 75-400 ops <5% ag.25-C.MW 00,000- 
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200 000). 400-6500 cps (2% a,, 25'C, MW 300.000 - 720,000) and 1500- 
5 000 cps (1% aq. 25°C, MW 1 ,000,000 ■ 1 ,300.000) (Brcoxfield viscometer. 

rotattona. spindle); for guar about 5100 cps (1%) [Broc*fiek. viscometer, 
rotational spindte); for poiy(methy, vinyl emer/maleic anhydnde) in ft. -range 
, of 15 to graater than 200 ops (5% a,., MW 20.000-80,000) [Brook**! 
viscometer, rotoflona, spindle); for polyvinyl alcoho, in the range 27-65 cps 
(4%aq 20°C IHoeppler falling ball method and 1100-1600 ops (10%aq, 25 C) 
prookfleld viscometer. rotational spindle; for sodium carboxymethyl cellulose 
i„ the range of 25-50 cps (2% aq. 25°C) (MW 90,000) to about 2,500-6,000 
,o cps (1% aq. 25-Q (MW 700,000) [Brookfield viscometer, rotational spindle); 
and for sodium polyene acid 5000-75.000 (0.5% aq) ( MW 750.000 - 
4 000 000) [Brookfleld viscometer, rotational spindle]. Polymers having 
secular weights between 300.000 and 8.000 000 grams per mole are 
preferred, and those having mooter weigh* between about 5.000.000 to 
, 8 060,000 grams per mole are especially preferred. Polyethylene oxKie 
having a number average molecular weight between about 5,000,000 to 
8,000,000 grams per mole is most especially preferred, e.g Polyox » 
Also, especially preferred are methylcellulose type/gtade A15C, A18M and 
hydroxypropyl melhylceliulose type/grade K4M. K15M, 100 M and F4M 
» (Dow Chemical Company); hydroxyethyl cellulose such as Natrosol® HEC. 
hydroxypropyl cellulose such as Kluoel (Grades H, M. G, J, L. E- Aqualon 
CoZ) 9uar such as Superb Guar U (Aqualon Company,; pectin such 
as GENU Pectin (Aqualon Company); carrageenan such as GENU 
Carrageenan (Aqualon Company); po,y<me1hyl viny, ether/maleic anhydnde) 
25 such as Gantrez® AN Copolymer (AN-1 19, -139, -140, -169, -17.. GAP 
Corporation); polyvinyl alcoho, such as Elvano,® 71-30. Bmm 5-30 
Elvano,® 50-42 and EWanol® HV (DuPont); sodium carboxymethyl cellulose 
such as Aquaion cellulose gum grade 7H4; sodium polyene acid such as 
Carpobo,® resin grade 934PNF; and polyacrylic acid such as Carpobol® 
30 resin grade 934P. 
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Representative examples of hydroattractants are water-insoluble 
polymers such as low substituted hydroxypropyl cellulose, macrocrystalline 
cellulose (Avicel), cross-linked sodium or calcium carboxymethyl cellulose, 
cellulose fiber (Solka-Floc or Elcema), cross-linked polyvinyl pyrroiidone 
5 (Polyplasdone XL), cross-linked Amberlite resin, alginates (Satialgine), 
colloidal magnesium-aluminum silicate (Veegum), corn starch granules, 
rice starch granules, potato starch granules, wheat starch granules, sod.um 
carboxymethyl starch (Expotab. Primojel), corn starch/acrylamide/sod.um 
acrylate copolymer, acrylamide/sodium acrylate copolymer and the l.ke. 
„ A particularly suitable hydroattractant is hydroxypropyl cellulose having a 
hydroxypropyl content of between about 8-1 5 weight percent , and preferably 
about 10-13 weight percent, such as that supplied as Low Substituted 
Hydroxypropyl Cellulose grade 11 as manufactured by Shin-Etsu Chem.cal 

Company, Ltd., Tokyo, Japan. 

Typically, the water soluble, high molecular weight polymer in the 
polymer matrix is present in from about 5% to about 90% by weight based on 
the total weight of the active agent formulation matrix, and the hydroattractant 
is present in from about 5% to about 70% by weight based on the total we.ght 
of the active agent formulation matrix. The particular percentages w.ll be 
20 chosen to provide the desired retention time in the stomach and the des.red 
release profile of active agent. However, it is presently preferred to have the 
polymer matrix contain from about 1 0 weight percent to about 50 we.ght 
percent of the water soluble, high molecular weight polymer and from about 
10 weight percent to about 60 weight percent of the hydroattractant, with 
25 weight percentages of water soluble, high molecular weight polymer ,n the 
range of 10 to 40 weight percent and hydroattractant in the range of 25 to 35 

being especially preferred. 

Dosage form 10 is conveniently cylindrical* shaped with rounded ends 
13 and 14 that facilitate administration of the dosage form in its non-swelled 
so state in FIG. 1 A, the device 10 is shown in preparation prior to applicat.on of 
the insoluble materia, or band 15 shown in FIG. 1B. The insoluble materia. 
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t • -m while a single band is illustrated in Nto. . « 
ba'nd^such^s illustrated In FIG. 4 can be utilized depending on the particular 

S ^ L insotubie materia, imparts rigidity to the geMomwrg 

poiymer matnx. The mso. ^ ^ ^ 

polymer matilx to manage gastnc .vm^ ^ [m 

-«**-• ^""ale agent 
insolub. bands ma, are appM onto *e prof „ e 
fonTO ,ation ma* may be vaned ,o ad,us g ^ ^ 

15 12 mm in width, preferaDiy oe be tween about 

With reference to FIGs. 4A-4D, ' ^ matnx 1 1 

bands 1 5. each — ng a port^ ^ „^s dosage 
■ n wh ich active agent (no. shown) a „ y M . Upon 

- 10 iK tS27- as shown in HG. 4B in 
administration to a sublet, dosage to ^ 1( _ 

a5 ,hosese fl mentiso.po^merma.nx11.ha.arano, 

polymer ma* 11 surrounded by ba ds ^ ^ ^ ^ ^ 

- - p * me ; F t « — - 



;/US98/16597 
WO 99/07342 

„ active agent containing reservoir is ublized wth the 
wherein a separate "*» invenfon . ^ swellabte poiymer 

, sweiiable P*- * e 7a le or annates, tor e*amp,e by 

matrix 1 1 is formed in the shape of tu _ 

io over a proved period ot time when *™ - - 

stomach. ,n one ton. it may be an osmobc pump, sue 

4i«n Palo Alto California as the ORUt> acuve a 
by ALZA Corpo^ M s ^ ^ 

dispensers. Vanous types mini-osmotic 

pumps, auoh as those described ,n 4 , 0MJ66 

„ pumps suoh as those desonhed ,n a8 pushH)U , 

and 4,111,202, and muib-chamber descTibe<) ln as . 

pus ,me„ and pash^ — P~ ^ and ^ „ 

Patents Nos.4.320,759. 4,327,725. 4,449 . osmoti0 

^"t^rr^r^-ed^a^agen, 
20 systems, the actwe agent or 

M ^^Z 1. - . hydrophiRc 

suspension, as the ease may be, and a oomp 

„. Cher active agen, - ^^^ d e,,ery of a 
„smo«ca»y-duven systems are prefened °< * e by 
vast mulutude o, active agents, inolud,ng those preferred 

means of and as part of this invenbon. ^ 

1 1 will swell in the stomach and lacunar 
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dispensed, the active agent delivery reserve, 1 1 

an d e*« me gas—a, W*h ~~ * ~ ^ 

may b e prepared in .0 - - £££ ^ gr Les „ . Mo, 

simply, . nnay be prepa ^ ^ ^ 6 . 

« »— abou, ^ ^ maWx , timibng ane 

Wditionaity. bandfs) 15 may b pfc 

swelling of the polymer mamx ut the segm ^ ^ ? 

. Pretty. me tube or nng is formed v* * «* ^ 

such Ota, upon swatting o. .he p*«~™ ^ ^ ^ 

creat e an effect diameter maWx , , „ lnje oaon 

tube ends are no, apt, C — oH —ety, . may he formed ae 
molded abou, me ac.«e agen, reserve,, 

circumstances, rt may be bener. may be 

However, rf a snug fit is pr ^ agent 

resarvorr. then the swat , g , ^en/air without any 

** *° *» w amu,ar nn9 " - — • ^ — a9ent 

sdditional means being requrred. Gas.no ^ 
re servo,r and ac«ve agen, w», be drapery * * , ^ . 

2S ^ugh hofcs 22 ,ha, are preaen, in ^ , „ 

singte ho* in me .ubuiar potymer ma,,, .11 - « 
preferred ,0 have e bote a, each end 0, me polyma ^ ^ 

^ cin.ire 6 the polymer matrix n» w 
emhodiment, ««-« ■ J ^ „ Ws 

bend of insoluble malenai 15, as 

„ description. >-«^ fc .'?Sie«---- 
polymer on acbve agen, reservorr 16. Erther 
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„, reservoir 16 provides a rigid segment of me dosage 
band 15, acdve agent p ^ reta ined in the 

totm ol the — lha, *«--«« « maWx has 

8t „mach .or a prolonged pen d of^ej ^ ^ 

eroded, band 15 will release from the dosage to 

, stomach and gastrointestinal tract. 15may beany material that 

Th e insoluble malaria, -^^g 1o hody *sue. 
„ nontoxic, biological,, « ^ maWalns , phy sica, and 
M exhibits little impermeabrlrty I* • ^ o) „ 

— 1 z - - — — * 

- Pemd ' J" ! ILr ma* In M section or the polymer 

serves to limit swelling of the poiym 
matrix that is surrounded by the band. 

, nS o,ub,e materials from wh,ch areba^ P 
for example, potyedtylen, P**"* Du Ponl , Aoditrona, 

. poiycaprolactone and Hytre® j*-— p0 , ysaccha rides, ce,,u,osics. 
banding materials mclude but are butyrate . 
eeuulose acetate, cellulose -^""^ u s . Patent s,02.,M2,, 

eenulose acetate propionate ce«u by West 

20 oellulose pseudolatex (such as S ro pA) 

— P0,y ' aCfiC r*r oy^oyl alcohol, polyvinyl ace«e, 
oopo,yn«rs, , ^"^a^a lerapherala*. »* bUta< " ene ^ 
^ethylene vinyfacetate, P*e W-^ ^ 

potvvinylrdene chlonde v,ny methy , m e,hac^late and 

a„d mefhacrylic ac« esters, copolym - J by 
ethylene, latex o. achate esters ^chas* ^ 
R „bmPhamra. Weitersadt. Germany ^ b|ock 
so propylene oxide and ethylene sufone , ethyl ene 

copolymers, ethylenevinyl alcohol copolymer, po 
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^ho, oopo^e, p**-~ ■ *<- • waxes, 

^^-.po^^^; ^^.castorwax, 

paraffl , — « -^i. - — -* 
— " hlcTateld shellac, cn«, ch«osan. silfcas, 
, alcohol, bleached shellac, esterme glyc ol-silicone 
planes, polydimethvf , ,*„ crossed 

elasto^rs. crossed ^ ^~ nked aHy „cs. silicones, or 
arayto . silicones, or -«*"^^ e5ter of paraa „ y dimerfced 

■ T ^5 ated wood rosin, gtycero, ester - tall 
„ rosin, glycerol ester of paraally hy* 8 of aroaBy 

01, rosin, g*cero, ester o, wood »* ^ ^ ^ 
hydro9 enated wood rosin, pemaeivthntol ester 

sy „thetic terpene resin and placets, and 

* -*» mate " a 5 opa*rs. colorants, flavorams, 

„ optionally w»h wetting agen* — ^ p««— are as 

taste-masking agents, and the like. Examp 

.Hows: P^«^££^-~ 
aoetate esters, glycerol triacetate, methyl «** ^ * ^ ^ 

prides, acetylated ^„ oepicted ,n 

- «— ** t;,T; : no-el stale has a length L1 and 
FIG. 1A. the polymer matnx 11 m its non FlG . 2 shows 

a ^um diameter 01 — ate ^ ^ ^ ^ ac ,e 

diS pens,ng devfce - 15 » — * 

agent formulation matnx 1 1 on each s ^ 
, im *in g fluid from una stomach (o ^ exposad sao ments 

ag en, 12 to me elomach — * " ^ ^ of „. polym e, 
of the swollen polymer matnx 1 1 . oa Aoco «iingly, that 

m atnx beneath it have no, swe»ed ,o such ^ ^ ^ 

aegn^ofl^Po^rma— — , 
, eonstrained and more comp^d. » ^ amo un« 

portion of the matrix. Since band 15 doe 
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0 , « from the aomaeh and sweil. band 15 renins its sub— rigid or 

.orm. and provides an eiemen, - rigid* * - "sage - - • 

I! While . is no, en*ely ctear how band 1 5 and Ihe eonstraned 
whole. wn»e „ „ ri u, ate retention of the dosage form m ttie 

segment of polymer matnx 1 1 fao«ate retenho 

seeping wave, as a *ss m = - - — 
After swelling, the dosage form 10 has a iengtn 

j at the wides t part of the swollen polymer matrix. 

2 o Srnce the actrve agent of , he active age n, dosage 

sustained retention penod, the effete d,a 

form in when in its swollen state in the stomach may have « 

form wn 60 mm w greater . Larg er 

larger than 13 mm, and may e>dend « e p0 , ymer matrix is 

dosage fomrs may be appropnate partreularly w 
2S Signed to erode relaliveiy rapid, over me ,n ^ ^ ^ 
del^ery o, aotive agen. for therape* net. . W J ^ ^ 

ofher than humans, for example m dogs, *e m m 

« „h„,rt?mm The maximum dimension tor any v 
- gr eater than ab * 2 mm ^ ^ ^ ^ ^ ^ 

form will depend on the particular app ^ ^ ^ 

•c hpina used Such dimensions can be determined oy rno 
so is being used, ou and 
in accordance with the teaching herein and the various p 
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For human oral applications, a preferred srzeof » 

surf aoe o, the dosage form P»* « ^ ^ ^ 
,o dosage form in order to provrde a more slrppery 

ge ,a,in oapsu,e phor ,o ' ^ forming „ oands. 

" rr a! he P^mer ma* imbioes fluid, the dosa g e form « — 

* ZZ* as previously described. The dosage form typrcally . 

55======= - 

• t hPfPd state to allow time for maximum swelling of the 
when the subject is in the fed state to a..o Gen erally a 

. . ^ncckpeoina wave being initiated, generally a 

. 3 hours ,s -~^2ch dosing period, depending on fhe size of .he 

r e ztzz — * - * -** dose ° f a ° eve 

dosage form, to facmtaie the 
a9 en.. Particularly in those instances w |ongMna , 

1Mer end o, the size range, i.e., the maamum d«m^r 
. a„s is on tn. order o, „ , « « - « ^ ^ ^ of 

administered to the subject in the fed state 
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* ^^hftn-sPkeeDinq wave occurring. Typically, 
the dosage M P*>r to * ^ and 

admintetradon will occur w* the « - ^ me ^ 

. affer dinner. F0 ^ v ^ „ red * or e«er breaK.es. end 
dinner, but, if after, prererao y form may 

may be administered pno Halau on .. t of the housekeeping wove, 

sufficient quantity of liquid so as to deley onset of th 

„„«, consumpbon offood is 

To MM retenbon of the dosage form 

, fh. dosage fom, is to be ^ agenfs - 

be Arabia fo conrbine one « ^^LL . ^n 

dosage form in emounts not resultrng y prop a nt heline. end 

subi ac ea *r ^'^J^Zl guar gun, fefs such 

25 as triglyceride esters, e.g., tnethano. my 

atoms, and the like. { in the flui d 

nr. 3A and 3B show dosage form 10 after a lengtn 
FIGs. 3A ana exposed 
* * 4K« ctnmach Polymer matrix 1 1 has eroue 

environment of the stomacn. r y matri * not covered by the 

surf ace o, .a mabf, i.e.. those ^^^^ „ * 
» ^ub te ma te ria l15to suc,ane^«^ ^ 

initial swollen configuration. Erosron of the matnx w 
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, . ta the stomach until the matrix has substantially eroded so that 

Under of the dosage form expelled from the stomach. In some 

Z band 1 5 splits and falls away from the polymer mat™ after some 
pained time In the stomaoh to permit a parUcula, release pattern of 
,„ active agent from the dosage form over the delivery penod. 

L PO^er matrices usefc, In ft. Invention can be prepay by 
standard methods from me materials previously described. » * 

ample, an appropHate guan«y o, an acdve agent or agents and the 
polymer ingredfcnts are separate, passed through a 

u w. a mp«ih of about 40 wires per inch, to reduce any u«y 
,S ZSZ a ^— * — 

T III vapor pressure to allow subseguen, ^ ~ 
pedod of time, for example 24 hours, is added to the dry modure and me 
is extruded through a mesh screen (e.g. 20 wires per men) to 

^g matena, ^^^ZZ J£ The granute s are combined 
2S through a mesh screen (e.g., «" P , 
^ a suitable fableting lubricant wh^a * 
mesh screen (e.g.. 60 wires per inch). The resultrng m 
prod „ce the finished — 
produ ced using we,, = « ^ „ app(0prtate dimen sions. 
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aompresafcn granule can be used as we,, and sue, *^1T 
by one sKilled ,n the art depending on .he parfioular nature of me matenals 
being used and the convenience and preference of .he fabricator. 

While the foregoing process has been described with respect, dry 

. ^.i^ioc fnr active agents in 



While the toregoing f'"^ 35 "— 

in0 red,ents including the acflve agent. me.hodoiogies for a*re agents n 
mgreaieras, ««-iu 3 c „,.» am nle if «wacUve agent 

other man the solid stete can be employed. For example, itu. 
is „„, orystelline. but is in liquid form, the ac«ve agen. may flrs be 
encapsulated as microcapsules .0 provide a soiid ma. can be floated a 
described above. Microencapsulation ofthe liquid acmre agen, can be 

further incorporated in,o,he polymer ma,rix o„he dosage form 

in order to prepare a device 0, me present rnvenfron. the active agen. 
nation is M Peered and formed into a ma,rix o, *e desired s.e and 
sha pe The ma(rix in ite inltel prepared term is abou. me size and 
. "1 nso,as, Z e-000.,osize5ha,dgela,inoapsu,e. The cross-seCona, 

8 ape o, me mat* may be circular or may be ova,, tdangular, square 
Z 1 or o.her shapes ma. are eas„y handted, especially by pahents w*h 
Id dex,er«y. Presendy preferred shapes are mose in me or- 
secrion is circular or ova,. The ring or bands are then placed onto the surface 
2S of active agen, formularion ma* or prfn.ed on* the 

conventional banding or priming ,echni,ues. such as drsclosed herein 
, , s Patent 5 534,263, which is incorporated herein by reference. 

Tl- above, me acdve agen, iteen may be in **. solid or 
samisoTd orm. Tne aCve agen„ormu,*n may contain add^na, materials 
so be designed in a mulU.de o, ways ,0 p,ov.e a sp = agen, 

deliver profile. In one embodimen, the active agen, is capabie 0, slow 
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version or dissolution in .he stomach. In another embodiment, the polymer 
J! may con* a surfactant so that the —on is mo, read* 
«„ to erosion in the stomach. In still another embedment, the 

r^2e a so«d sunacfan, and provide addve a 9 en, deiivery in 

. l lZaltorm. ^.t*-^- — ^ 

^r^ltlL-* ooated to protege * 
■ pair Jsmall — > accordance - con— coating 

. ^hefe^-ac^agenrand W a. used interohangeah^n 

This includes foods, food supplements, nutnents, drugs, 
l as for example, WamlnC. microorganism attenuators and other 
r«n^. environment o, use. As used herein, the terms rnclude 
" ZZ£Z2 o- P— ,y active substance tha, pr = a 

or system, effect or effects in animals. Including *arm blocked 

«i ortmates- domestic household or farm animals such 

^rz :^ — - * — anima,s such 

: 2 1 aZl Pigs: zoo and wild an,ma,s ; and the liKe. The actrve 
S 'uhJuan be delivered includes inorganic and organic compounds. 

adrenergic receptors, cholinergic receptors, the skeletal m 
Ocular ^n, smooth muscfcs, the blood .rculatorv system. 
„ ZZ -a. neuromotor iunctlona, sites, endochne and honmo. 
Urns, the immunological system, the reproduce system, the «*» 
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system, autacOKl systems, .he riMftV and excretory systems, *e 
histamine system and the central nervous system. 

^e active agents may he selected .torn, <o, exampte, proteins, 
enzvmes enzyme inhibitors, hermones. poiynucleotides. nucleoprotems. 
. Z— . glycoproteins, lipoproteins, pephdes, 

„ypno«os and sedans, psyohic energfcers, tranquilizers, an convuteante, 
leoressants musole relaxants, antipartdnson agente. analges.cs, 

musc ,e confractente. antimionohiats, antimalarials, anbvirals, « 
lobesity agents. anMabetic agente. hormonal agente tncludtng 

r;:^ ** — » • »— -* an,ianaro9 

S " Pa- neoplastics, an*eoplas«cs, antihyperglyoemrcs, 
Coeml, n„«onal agente and supplement growth suppleme te. 
, 5 Z o hfhalmics. anurias agente, electrolytes and diagnosbc agente. 
Examptes o. ac«ve agente useful in this invent include 
proohlorperazine edisylate. ferrous suKate. albuterol, amines* • «* 
loamyLine hydrochloride, procainamide M—anr^a 
sulfate mefhamphetamine hydrochlortde, benzphetamme hydrodrlond*. 
. Cell sle, Ph— e hydrochlodde, bethanecho, ohlonde, 

.. k.™^ nilocaroine hydrochloride, atropine sulfate, 

Zch-de, metfomrin, nrefhylphenidate >eo = 
lollnate, cephalexin hydrochloride, diphenidol, meclizine hydrochlond* 

phenoxybenzamine, thiethylperazme maleate, 
K prochlorperazine maleate, pnenoxy ,«„«, ,™,hate 

anisindione, diphenadione eryWyl "^^"T^* 
acetezolamide, nHediplne. methazolan*, bendroflunre ^ 
Corpropamide, glip«de. gWburide, gliotezlde, fobutamrde, ohter^am de, 
11 de acefohexamide, troglRazone, artiste,, bupropron, nefazodone^ 
30 —one acetete, phenaglyoodol. allopurinol. aiummum 

aspirin, methotrexate, acetyl sultisoxazole. hydrocele. 
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hydrocorticoeterone aetata, cortisone aoetate. dexamethaaone and rts 
derivatives suoh aa batamathaaona. triamcinolone, methyltestosterone. 
estradiol, ethinyl eatradiol. ethinyl estradiol 3-me.hyl ether, predniaolone. 
17-B-hydroxyprogesterone acetate, 19-nor-progesterone. norgestrel, 
s nore ,hindrone. norethtsterone. norethiederone. progesterone, norgesterone, 
norethynodrel, lerfandine, fexofenadine, aspirin, acetaminophen, 
indomethacin. naproxen, fenoprofen, sollndao. indoprofen, n«roglycenn, 
isosorbide dinitrate, propranolol, timolol, atenolol, atenolol, cimetrdme. 
olonidine, imipramine, levodopa, selegiline, chlorpromazine. methyldopa, 
,o dihydroxyphenylalanine, calcium gluconate, ketoprofen. ibuprofen, 

tphJI ervihromycln, haloperidol. zomepi ra o. famous lactate, vrncamme, 
phenoxybenzamine. diltiazem, milrinone, captrophl. mandol. quanbenz. 
hydrochlorothiazide, ranffldlne, flurbiprofen, fenbufen, fluprofen. tolmebn, 
alolofenec, mefenamic. flufenamic, difuninal, nimodipine. nitrendiprne. 
, nisoldipine, nicardipine, felodipine. lidoflazlne, tiapamil, gallopamrl 
amlodipine, mioflazine, lisinoprii, enalapril, captopril. ramipnl. enalapnlat, 
famotidine, nizatidine, sucralfate, etintidlne, tetratolol, minoxrdrl, 
ohlordiazepoxide, diazepam. amWptyline, and imipramrne. and 
pharmaceutical salts of these active agents. Further examples are proteme 
. and peptidaa which Include, but are not limited to, cyclosporins such as 
oydosponne A, insulin, colchicine, glucagon, thyroid stimulating hormone^ 
parathyroid and P Ma„ hormones, calcitonin, renin, prolactin, corbcofrophm, 
thyrotropic hormone, follicle stimulating hormone, chorionic gonadotropm, 
gonadoaopin releasing hormone, bovine somatotropin, porcine somatroprn, 
- oxytocin vasopressin, prolactin, somatostatin, lypressin. pancreozymrn, 
r«ng holne. UHRH. interferons, interfiles, growm hormones such 
as human growth hormone, bovine grow* hormone and porcne growth 
hormone, fertility inhibitors suoh as the prostaglandins, ferfftty promoters, 
growth Mm. and human pancreas homnone releesing factor 
» The present InvenUon is parficularfy useful to deliver acbve agents that 

ar e poorfy absorbed in me lower gastrointestinal bad but well absented ,n 
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the upper gas.rointes.inal net 0*. •» — ^" e > OT actK,e 
exhibit poor solubility such that the inoreased retention fime in the stomach 
allows for a greater quantity of acfive agent .0 dissolve from ft. dosage form 
man would otherwise be dissolved. Typically, antiviral, antifungal and 
. anfibiofic agerns. e.g. —Hes. guinolones. penicillins, cephalosponns 
aminoglycosides, and tetracaines, are represent dosses of agents for 
wh JtL invenfion is particularly useful. Such anfibiofic agents may mdude. 
for example. Madam anfibiofics, vancomycin, clidamycin. erymromyen. 
Wmethoprim-sulfamethoxaazole, nfampin, ciprofloxacin. amox,c,ll,n. 
„ clindamycin, ceftriaxone, cefotaxime, chloramphenicol, clindamycin, detox*, 
doxyclycline. specfinomycin, ofloxacin, nfampin, minocycline, doxycyCne. 
aztreonam. inripanem. maropanem. nitrofurantoin. azfihromydn, atovaguone. 
trimetrexate, dapsone, primaguin, «ime.rexa.e. Ketoconazole, floconazo * 
amphotericin B, itraconazole, ^uridine, foscamet, zidovudme amantadme, 
„ interferon atfa, sulfonamides such as sulfrsoxazoie. sulfadiazine, and 
suflasalazine. guinoionas and fluoroquinolones such as. for «■"■* 
cinoxadn. forfloxacin, diprofloxacin. ofloxacin, spardlosxacm, lomefloxactn. 
fleroxadn. pefloxacin and amifloxacin, gentamicin, tobramycin, amikacin, 
nefilmicin, Lamycin, and neomycin. Represent anfivira, agents mdude 
, acyclovir, famciclovir, foscarnet, ganddovir, idoxuridine, sonvudme. 
.nfluridine, valacylcovir. vidarabina. didanosine, stavudine. zalctabrne. 
zidovudine, amantadine, interferons, e.g., interfon alpha, ribavmn. 
rimantadine, nucleoside RT inhlbfiors. such as lamrvudine and adeforv,, non- 
nudeostfe inhibfiors such as nevrapine. delavairidine. Iviride, sagurnav and 
2S Ldina* nucleoside ONAp inn** such as famddov, «***^ 
and lobucavtr, antisanse oligonudeofides such as afovirsen, receptor decoys 
such as slCAM-1, capsid binding agents such as pirodaw. and 
neuraminidase inhibitors such as GG167. 

Specific examples of active agems that are readily absorbed ,n the 
M U pr*r gastrointestinal tract relative to the lower gastrointestinal trad are 
- ZJ*. cimetidine, ranKdine. captoprii, me.hy U opa, se,eg,l,ne 
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and me ,iKe. Spec* e^es o. acbve agents .hat exhtoit poor soW* in 
1? re diphlol. —*» hydrochloride, prochloperazine maieat* 
^noU— tdethylperazine maleate. anisindone. ' 

2 —** isofflutopha,e ' ace,azolamide ' It 

. petl— , chlorpropamide, to—. - -* 
p h enag,ycodol. aUopudno,, alluminum aspirin. ^ 
uKsoxazo*. erythromycin, progestins, estrogenic. 
Asteroids hydrooortisone. hydrocorticosterone acetate, cortisone 
corticosterords, ny 17 . be ta^tradiol, ethinyl estradiol, 

acetate, tramcinolone, methyltesterone. ■> 

. prazosin hydroohlonde. eminyl estradiol 3-mefhyl ether. pedmsolone. 

,o prazosin nya 19 . n0 rprogesterone, norgestrel, 

17-alpha-hydroxyprogesterone acetate. 19 norpr g 

norethindnone. progesterone, norgesterone. norethlynodre andtt^ 

Retention of the device of the present invention ,n the stomach for a 
pro^pertod o, tinre make a especially useful for the located treafmen, 
. acidity and gas,— disorders such as duodenal *er, 

papers and chronic gas*. Representee achve ag n« for such 
J* include cfmeddine, ranfMine. famotidine, n^dine, zoienhne 
"prazole, lansoprazole and * agents use*,, for the — » of 
Helecter pylod. auoh as metronidazole. timtfazole. amox,c„Un, 

» — sss s,, 

active Lnl against Helicobacter pylori, e.g., antibiotics as exempli by 
to y I JL are able to penetiate the space between are ,ner 
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pre sen, invention alfows one to beat gasbfc disorder in a lan,e number 0. 
subi ects with dosage forms having a single acUve agent, preferably 
lUilne. Accordingly, one avoKs the necessity 0. having fo empfo, 
coated treabmen, 

• rrirr;::~r^orab^ P ^on- 

" a d reasons 0, efficacy, safe,, economy, convenience andfor 
efficiency it may be desirable to utilize a single acbve agent in the acbve 
T« rin it is to be understood bra. more man one acbve agent may 

- rr;r* irive ^ — > . device - » — , 

a Tie use of the term "agenf o, "acbve agenf in no way exctedes the 

lo or more such agents or acbve agents. The agents can - 
various forms, such as uncharged molecutes. components * 
„ complexes or nonlmtabng, pharmacology acceptable s* J£ 
dert vabves of me agents (such as ethers, esters, amides, etc) wh,ch 
easily hydn*zed by body pH, enzymes, etc. can be employed, 
cclnations of two or more acbve agents can optionally be cohered, 
ZZZZ « from the dosage form of this invenbon. For 

totally be untamly disposed throughout the dosage fanaF 0 
I, J different acbve agents can he selecbvel, placed w*n me do age 
ot duhng its manufacture. For example, e core that contains one acbv 
LTb. Prepared, and me co. coated or termed with an outer aye 
25 fining a Ind active age,. 

the dosage form will be dispensed, and as the dosage form erodes th 

k .h. second active agent will be dispensed at a later bme. 
^r^os, e term may include addbional ingredients, such 

la a buffer or other agents for controlling P H in the stomach or 
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amounts no, resuKng in any —a, systemic effect ,o the subiac.. as for 

including, bu, no. ft* to. methylcellulose, guar gun,. fa, s s * as 
^eende astars, a.g.. methanol myrisfate, My aotds of 1M6 -*» 
. m. and me like, a viscosfty regutating vehicle, a surfactent. a dye. a 
pleauon enhancer, a proteinase inhibftor, or other —on ,ngred«ts 
r^es. as are known ,n the art. The aotWe agent dosage farm may 
1Z» minor amoun* otlow m o,eou,ar weigh, po.me.~e 
useful functors in able. formation, for exampie. .o improve .he fable. 

cohLeness after compression or ,o improve the physical or chemicai 
,„ cohesiveness aft P re added at qua n«ies less 

stability of the dosage form. Tnesepoiyme „ . )hottblflt 

th an 10% by weigh, and preferably less M 5% by weigh, oHhe fabtet 
rioles of such polymers include hydroxyp-opyl methyl cellulose hav,ng 
Examples o, such po m etnyce,lulose having 

mnlpcular weights of less inai ^.u,vw y . r 

molecula w ^ pyrrolldone 

15 a molecular weight of less tnan ^u.uu a 

Having a molecufar weigh, of tess man 50,000 grams per mote, and^ 

The amoun, o, aCive agen, employed in me deliver dev,ce Will be M 
„J^Lw * — a therapeutically effect amoun, o, me agen. .o 
X he desired therapeu* reap, In prance, .his will va* w, e, 

Itive agen, incorporated in«o ,he device. Such ranges can easily be 
Ltld by one skilled in me ad using convenftona, mefaods , fa, example 
fmm d05e ransin g and plasma level studies. Any references to speofic 
S in oTacJe agen, or spe* dose ranges of a*e agent here - 
tended ft, include the amoun. or amounts o. acftve agen, specified and 

for „„e or more doses of an acftve agen, presented in a convenftona, do age 
30 i-ually prescribed for muftiple dosing during a predetermined 
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period, the sum of the amounts of active agent present in the multiple doses 
of the conventional dosage form for use in the period may be used to 

determine an upper limit on the of the amount of active agent to be included 
in the device of this invention. For example, if the conventional dosage form 
. contains 200 mg of active agent and is to be administered every 3 hours, a 
d0S age form of this invention may be prepared for administration every 6 
hours, and that dosage form may contain 400 mg of active agent wh.ch w,«. be 

delivered over the 6 hour period. 

However, when compliance with multiple dosing is a problem, the 
, advantage o, administering the dosage forms of me invention at fewer times 
throughout a twenty-four hour period may provide incentive to incorporate 
greater amounts of active agent, where such greater amounts do not have 
any deleterious effects. Also, in certain instances it may be possible and 
preferable to use less than the sum o, fhe amount of acbve agent present «, 
. the multiple doses in the active agent formulation in me dosage form of the 
invenuon where the relative absorptor index of the dosage forms of the 
invention for a particular acuve agent are high, for example, greater tha m 
The active agent dosage fan. of this invention will preferably have a relabve 
absorption index of a, leas. 0.5, more preferably a, leas. 0.8. even more 
20 preferably a. leas. 1 .0 and mos. preferably a, leas. 1 .2. The specific amount 
of acuve agent to be included In .he dosage form of .he invenUon can easily 
be de.em.ined by rourine dosage studies .ha. compare the 
acuve agent levels of subjects w«h conventional dosing and the dosage fomr 

of this invention. 

The dosage forms of this inventor can conveniently release acuve 
agen. in a controlled and sustained manner over a prolonged peuod 
Typically, active agen. will be released from .he dosage torn, a, a rate that 
U a therapeutic* effec«ve amount o, acuve agen. .o .he sub.ec. over 
a substantia, portion of .he period between administrator of the dosage 
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penod. and most preferably over 80% of «ha period. 

„ an especially preferred embodiment, the invenbon compnses 

msoluble hydroxypr py m000 and 10 ,000,000 grams par 

""J C ; — *mer preferabiy bas a hydroxypropy, 

mole. The rtyaroxypiuHy nreferablv between 

•,k„, ,t q ii) weiaht percent, and most preierauiy u 

srr - -— — - 

described herein. jnvention Tney 

ThP following examples are illustrative oi uw p 
is The renown m i- invention Variations and 

nrtt tn be construed as limiting the scope of the mvention. v 

o, .be present disclosure, tbe drawings and the c,a,ms bere,, 

PREPARATION 1 

20 

An example of a aotive agent wbiob requires frequent dosmg rs 
the following procedures ana te&ieu 

described in Example 1 , fomling polymer 

Eighteen grams of acyclovir and 3.6 grams 
JUL oxide, having a number average n— 

, approximate,, S million -^^1 ^ - -at fbe 
mesh having 40 wires per inch. The polyethyien 
uade name PoNox- grade 308 as roanufaotureb by Un.on Carb.de 
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r, u , r onnecticut The sized active agent and polymer were 

oetcent and an average fiber particle size of 50 microns, wa 
, * Imesh screen and tended into me mixture. The hydroxyptop* 
11 is supped as Uw-Subsmuted Hydroxypropyi Ceiiuiose grade 1 1 
rllcun, bv Sbin-Bsu ^ -pan, Ud.. 

matured with 5 volume percent mefrano 
, stirrtng untU a uniformly damp mass formed. This damp 

wSh pressor through a screen having 20 wires pe, inch. The oxidate 
Zn aliowed to a,r d^ at room temperature overnight. After dnrmg. the 

gr anu,es. O-ISGramsofmeWetingiubrtoanfimagnesum^ 
. ^fittoughas.vehavingaowiresperinch. 

Loan, was then firmbted into the granuies to produce the finished 

9ranU ' pins o, the resutting granuiafion were weighed and compact*, v* 

'^irr^rmla.havinganou.idediame.rof^mmand 
. having Z « - « - - « * ' - * 

procedure of the 625 mg acyclovir banded caplet. 
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EXAMPLE 1 

One of. he banded devices fabricated in Preparation 1 was pla^ ina 

Formuiary 25/18. having a pH o, approximately 1.4 and a — 
, temperature of 37- C. After one hour. the device was removed «T measured 
f „, dimensional change. The lengm had enlarged 10 24 mm an ft. 
maximum diameler afcng «he longMlna, axis had enlarge to 10 mm The 
swote n device has me genera, appearance o, .he dosage form shown ,n 

, 0 R9Ure Five samples of the dosage form from .he same manufachrring io. 
were .hen tested for release of acftve agent by shaking a. prescribed 
condftions in an aqueous media simuiating the media In the upper 
g asttoin,esttna, tract. Each dosage form was first placed ,n a cy nd « . 
Led basket having inside dimeter o, 15 mm and Inside ,ngft. o . - 
. each baske, had e*h. sio* and each slot was 1-2 mm - 
and positioned lengthwise along the length ofthe basket The basket 
Jining the dosage form was men placed in 50 — - — ' 
aasttlc ftuld and shaken e. a frequency of 1 00 cycles per mmu.es a, an 
amplitude of 3.7 cm for one hour. Then, the baskets comammg .he dosage 
20 „1 were .ransferred .o anomer se, o, receptacles having the same u d 
media composKion and voiume as above and shaken for ano.he hour. This 
procedure was cominued unftl nine 50 m, release receptor samples 
epreseming nine hours o, repass were accumulated. After 0 ours, each 
b L. was transferrer, .o a fresh, single 50 m, receptor where ft was ft. 
25 shaken for an addKona, 3 hours. This completed the 

concentrate of active agent in me resulftng receptors were then analyzed* 
Zuftrav.te.spe^meftyassaya.awave.engftrof^han^m. The 

Jse performance dam are piofted in FIGs. 8 and 9. Release rate of 
acyclovirs a funcfton offtme is plofted in FIG. 8 and .he 
30 cumulate versus ftme cmve is plotted in FIG. 9. The ftme .o d*-r » * - 
3 o cumulative vei afthniirs it can be observed that the 

the dose (i.e., "V) of acyclovir was 8.8 hours. It can 
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dosage form of Ms invention re,eeses the antiviral drug acyclovir over e 

prolonged period of time. ^ ^ 

The performance of three dosage romis. y 
factoring lolwas then evaded in animafc. ^ <*£» " 
s H m »»l Then 1/2 hour after the meal, one banded oaplet as 
' ZZZ^L 025 mg. o, acyciovir was administered era,,, to 
^ al, The plasma concentrations ot active agent in theamn* - 

^♦io hmir neriod The concentration ot active 
monitored during the subsequent 12-hour penoo. 

agent was quanbtated within the plasma by high pressure irqurd 

. ImaJaphyassa, ^^^^'^l 
animals were provided a one-week washout period dunng whrch bm*tt» 
Z o. ace agent in ,he plasma turned ,o undeteotab e eve sj,en, 
e ac* animal was administered anolher course of acycfcvrr T «J»nd 
course also consisted o, BOO mg o, acyciovi, bu, was admrnrs 

„<onnmoeach These were administered as immediate 

, divided doses of 20Omg each. ^ 

re ,easa doses in gelahn cqpsules a. rme e,o. * ^ 
concentrations were again measured over the 12-hour pen 

" Jesuits of ,he two in vivo studies ana shown in FIG. 10. This figure 
20 Jl active agen, plasma —on as a .notion of bme proceed 
Jthe dosage form of this invenbon conlainin, aoyciovrr compared ,o 
sLdard capsules of acyclovir. The filled circles represent d fa from he 
told oa aules of acyclovir confining fire 200 mg o, acyolovrr. and are 
I~ represent dafa from fire dosage forms o, the invenbon 

T,s 1 of acyclovir The continuously increasing plasma profiles 
K 1™^! hcuTgeneZ^ by the banded caplet of the men ^^ 
L i was retained in .he upper gastrointestinal badfor approxrm* 6 
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acftve agen. a, delivered from .he capsule form is evidenoed by me rapid 
daoay in plasma oonoentration after eaoh dose from the capsule. 

Z 10 also Illustrates that me single dose of 625 mg o, aoyclovrr as 
d^eredftom me oapttOh* Invention maintain* plasma I"*-* 
. 12 bours and ma. me levels were cemparab. .0 .he 600 mg ,n drv,ded «~ 
Lover, Wftne .he .oft., dose debvered from *. caple. was 
1, dose delivered from .he capsufcs. ft. .0*1 bioavaiiab* o, me acbve 
agon,, as measured by .he area under ^^^^ Wml 
rigritortV higher from me banded oaple. man from the capsutes, 9 pg 
. as compared t. 69 pg IM resuming in a relabve absorpbon mdex of 
about 1 .36. 

EXAMPLE 2 

Dosageforms of .his invenbon oontaining 625 mg of fte an.wiral drug 
. gancicfcvir are prepared In acoordanoe wlft .he prooedures of Prepara ,on . 
Th e in *o refcase paftern of * ganciclovir dosage forms . *Md» 
F ,Gs Land 12. FIG. 11 representee release rate versus time and FIG. 12 
^eserds me copending cumulabve release profile. The bme to de,,ver 

g0% of the dose was 9.6 hours. 

The in vivo performance of three ganoiolovir dosage forms of the 
" „enb „ from a si* manufacturing ,o, is represent in FIG. 11 - open 
sguare symbols .presen, average plasma proves of gancclovr ,„ ft- 
dogs Jm ftom ,he adminisftabon offte dosage - as deso be ^ 
M 1. For oomparison poroses, .he plasma profile of resutong ftom he 
25 adminlbon of three immediate ganciolovir «e,s oonUmmg 206 
mg of drug and administered a. 0, 4 and 8 hours, was determmed and . 
ZL asfte closed square pointe in FIG. .3. Although me total dose of 
9 a„ciclov,r administered over me bme period is subsfanbally egu,va,en 

mg for me immedia,e-re,ease tab** and 625 mg for me dosage - of 
30 his invent, me area under .he pfcsma curve for ^ 

invention is 157.7 pg/ml hr as compared to 120.6 pg/m, hr for the three 
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immediate-release .ablets and resu«ng in a * absorption index for the 

Lege forms - - — - 1* "> «~ » * "» ^ I"^™* 
1 sin^e immediate-refcase capsuie containing 625 mg o, gancrclov, was 

prepared by blling a gelabn capsute using convenbona, methods ^ 
, administered a, time zero. Tbe ptasma proflie o, the drug from admm^bon 
to a dog o, .ha. —on is rep.sen.ed by ft. ciosed circular porn* ,n 
F,G 13 Ao^parisono.meareaunder.bacurveo.tbedosage.ormo.th.s 

FIG. 13. ft comp oa „ci c |ovir results in the dosage 

invention to that of the 625 mg una dose of gancolovrr res 
form of the present invention having a relabve absorpbon rndex of 1 .69. 
. Teove, L Plasma pro.es of gandovir de^erad by the dosage form of 

l abon of b^elve hours, whereas toe eau.a te n, dose of the anme rato 
release form produced elevated levels of toe drug in the plasma to, only 
£T. hours The diamond data points in PIG. 13 indieale thattoe dosage 
17m oLmple 2 was expelied from the stomach of me fasled dog pnor to 

ee retoined in me stomach, .hereby producing only insignalcan. 
concentrations of drug in .he plasma during the 12-hour tost penod. 

EXAMPLE 3 

" Equ ivalen. amounts o, .he following polymers are subsbtuted for toe 

polve.hy.ene oxide in Preparabon 1 (ail molecular weights are nun*er 
average molecular weights in grams per mole,: hydroxypropyl cellulose 
,MW 1 000,000), hydroxypropyl methyl cellulose (MW: 254,000 , 
Tmllhyl cellulose (MW: 1 .300,000), sodium camoxy methylcallulose 
1 yZ ,, calcium carboxymethyl cellulose (MW: 700,000), methyl 
Zl iMW. 135.000). and polyvinyl alcoho, (Bvanoi. HV), and dosage 
Is wi* a ^ethylene band are fabhcated to me same dimensrons s 
robbed in Preparation 1 wi, eguivalen, ouantibes of.be acbveagento 
™dovir oanciclovir and minocycline. The prepared dosage forms are 

m lomaoh , . d 0g fc . — — — - — 





:T/US98/16597 

WO 99/07342 WW 

43 

th a antral achve agents gandciovir and acydovi, and the *- 
active agent minocycline over a prolonged period of fme. 

EXAMPLE 4 

. Dosage forms confining equivalent quantities o, the antiviral drugs 

acyclovir and gandclovi, and the antibiotic minocycline are prepared 
aiding to ,e procedures in Preparation 1 . except ma, the — 
sotuble hydroattracton. used is. respecbvely. mlcrocnrstaOtne cellulose 
tZ — « -ium or calcium carboxymethyl cellulo* oelMose 
^La-Floc Elcema), cross-linlted polyvinyl pyrroiidone (Potyplasdone 
'° XU rid Amber* resin, alginates <Sa,ialgine,, coiioida, magnestut, 
aluminum silicate (Veegum), com s«arcb granule, rice starch ^ 
potato statch Louies, and sodium carboxymethy, starch 
The prepared dosage forms are reined in the stomach of a sub,ect and 
„ deliver active agent over a prolonged period of trma. 

EXAMPLES 

Tna ,o«ng acove agents are substtuted. in the qu an«es indicated 
,„ me parentheses following each active agent listed, for the quantity of 
. J£L Example 1: ofme«ne ,00 mg ; BOO mg. 1200 mg, 130, mg, 
Idlne (too mg; 200 mg, 300 mg, captopn, ,12, rngt^ »** 
100 mg 150 mg). methytdopa (125; 250; 500 mg). and selegrline (5 mg. 
ZZ a d the osage fomts are prepared in the same manner as deseed 
Sample 1 . The prepared dosage fomts are retained in thestontach o, a 
. subieo. and deliver active agent over a prolonged penod of hme. 

EXAMPLE 6 

poaage fdnns of this invendon containing 600 mg o, 
coated according to .he procedures of Preparation 1 . except th - « « 
Lrtad into a size W hard gelatin capsule before bandtng. The band • 
' I 1" Process using - methods and compost described 
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in U S. Patent 5.534.263, incorporated herein by reference, where the band 
m a,eria, is ethyl arxylate/methyl methacrylate 70:30 copolymer (Eudragd 
NE 30 D, Rohm Tech). The resulting dosage form is smooth and easy to 
swallow. 

5 EXAMPLE 7 

A gastric platform dosage form of the antihistamine drug, fexofenadine 
hydrochloride, was prepared according to the following procedures. 
. 1 5 Grams of me drug, 30 grams of po^ethylene oxide. 54 grams of low- 
subsbtuted hydroxypropyl ceilutese. and 3.7 grams of polyvinyl pyrro done 
were individually passed trough a sieve having 40 wires per ,noh, and «ben 
the three components were temble mixed together for 10 minutes. The 
polyethylene oxide (Polyox- WSR-N-60K as supplied by Union Cam.de, 
„ Danbury. Connecacu.) had a molecular weigh, of approximate* 2 m,l on 
gmms^er mole, the polyvinyl pynolidone (Povidone- K2032 as supplred by 
GAP Corporation, New York. New York) had a molecular weight of 
approximately 45.000 grama per mole and the hydroxypropyl cellulose 
(LHPC-II supplied by Shin-E.su Chemical Company, Tokyo, Japan) had a 
2Q ^propyl content o, approximate* 1 , weigh, percent Anhydrous e,hy 
UZm SOA 3A was slowty added ,o ,he dry m*,ure w* shrnng unb, 
a uniform damp masa was formed. The damp mass was forced .borough a 
sieve wim 20 wires per inch, terming elongated granules which were *en a,r 
d „ed at ambien, room condibons overnight The resuKng dried granules 
. were men passed through ,he 20 mesh sieve forming more rounded granutes. 
Then 0.30 grams o, me flow-promobng agent colloidal silicon d,ox,de 

^erosi. 200 supplied by Oegussa Inc. New York. New York), was d* mixed 
i„,o ft. blend. Finally. 0.5 grams o, the tebleUng lubricant ^nesium 
stearate. previously passed through a sieve having 00 wires per inches 
M mmble blended in,o,he bulk. This produced , he ana, granulabon. Individual 
portions of ,he granulation weighing approximately 1042 mg were 
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, .5 tons. Each tablet contained the unK dose of 120 mg of —dine 

^T^uUon for use .n film coating the tablets was man prepared by 
sWng .0 gran. - me-hyl — <Methocel A, . LV P,~P« by 
n™» Chemical Midland Michigan) and 1 0 grams of sorbrtol 950 grams 
5 :i dtratroomtemperatara. The mi,ura was men chilled overnight a, 
g-cemigradeto complete d,sso«on. The tablets from above were men 
HI to a pharmaceutical coating pan spray coated with me soiubon n 
warLd air unti, a dry «m coa 8 ng weight o, 37 mg was deposed 

" 0n '° t "Is dispersion for use in banding me labtels was prepared by 
dissolving 30 grams of tnacetei in 174.75 grams o, ethyl ablate 
memylmelhacrylale 70:30 corner aguaous dispersion ( udm NE40D 
supplied by Rohm Corporation. Darned., Wes, Germany). 
™ma o, anMoam agent ( Simethicone Q7-25B7, Dow Chanel. M,d,an . 
::;„, was biended » - mMure. This lormed me Una, compost o, 

TZZ-* from above were .en banded by applying a me 
^ lg dispersion in a transfer pdnling process using a p«ng whee, 
^ a w« o, ^proximate* 100 mils ,2.54 mm,. The freshly banded 
m "*en dl in warm air to remove ft. wafer from the aqueous 

tro appmJ-V 1» * ^ ™> - 3 ^ " ^"11 
^ T enure banded system was men overcoafed w*h more rf ft. 

- u— - - -» ~ r r;r - 

described above until a film coat werght of 31 mg was app 
completed fabrication of the dosage form. 

Three of the resuming systems ware tested in vitro according to me 

pmoedurdeschbed in EXAMPLE 1 — - — « « ^ 
. LaeO. nanometers. The dosage .orms de— = ^ 
rate of 10.9 mg/hr between hourly intervals land 11 in the 
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^r^vimntPiv 9 8 hours demonstrating that 
Tho t nf the dosage form was approximately y.o nuu. 

le a'C-s Is* active agent over a pro,on 9 ed penod o, «. 

stl from ■* batch were «he„ tested in tout animate accordmg to 
1 in EXAMPLE 1 The concentration of drug in the piasma as a 
*" " T. nc^" r approximate, a hours aher me «a, dosing. 



period. 



EXAMPLE 8 



Wm Hfiiiverinq the antibiotic, minocylcine, 
A aastric platform dosage form delivering 
" (0 r o, Heiicobacter pyior, gas*. 8 asmc and duodena, uicers. was 

seated, me procedures tor fabrication were rf 
cvaMP, c 7 17 8 Grams of minocycline hydrochlonde. 24.6 gams of 

d! 53 8 drams of iow-subs.itu.ed hydroxypropyi ceUuiose. 
^ethylene ox,de 53.8 grama of ^ ^ 

, 5 3 grams of poiyvinyi pyrro„done^ ^rams ^ ^ 

and „ grams ^- ^Ls were the same as in «. exampie 

.^mnr^sed into caplets weighing 1 042 mg wne. «= 
20 compressea nuu wop tablets were film 

u , d0 se of « mg o, minocy^e ~ ^ band , and 

subcoatad with a coatrng we,ght of 52 mg . band 
overcoat with 21 mg of «im. The composes of me subcoat, 
overcoat were the same as disclosed in EXAMPLE 7. 

The resuiting dosa 9 e forms were then tested in vnro us,ng me 
" , EXAMPLE 1 exceptthe waveiength for ultravioie. assay was 
procedures ,n EXAMP U e ^ ^ 

353. nanometera. The , 0.9 hours. The dosage forms 

Si £ - - - * - «*- — brtween hou * 



3 o intervals 1 and 7 of the release rate assay. 
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Four systems from the same betch were then evaluated in vivo 
according to the procedures disclosed above. An ascending plasma 

, ,i„„ over e period of approximately 6 to 8 hours was observed end 
^rZriaosagefon.slntbestomach and deltvery of drug 

S * " — ribed end — by one or more 

„ ,he f*wing technical features and,or characterisbcs. eKher a^eor ,n 
combinabon w«h one or more of.be other features and character^ n 
TcTe egen. dosage form adapted for gastric retention that compose (a) a 

• = rrr.-r:: zr^sss- 

which the active agent is aib&uiv^u r 

rih molecular weigh,. wa te ,-so,ub,e por,mer and a hydroettrac^n,, 
I ably water insoluble, me polymer math* having an outer surface for 
preferably wa „„,„, use M a band of insoluble metenal 

exp osure to the en— - «M* • and opfcna „ y . 

, 5 circumscribing a porbon o, the surfece P y ^ ^ 

gasthc-emptying delaying agent; a grams 
water-soluble polymer being between ebou, 100,000 and 20, _ 
1 mole- the water so,ub te polymer being polyethylene ox.de. hydroxypropyl 

nvrrolidone cross-linKed Amberllte resin, algine.es, co.lo.dal magneaum 
K ST-L* — « polyopic a.d or »s sodium or po.ass,um 

antiviral, antimicrobial or an.ft.ngal acbve agent, and especally w 
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active agent is acyclovir, gancidevir, cimeMine, renitidine, captopnl 
methyldopa. seiegiiine, minocyciine or —dine or a pharmaceutca ly 
^tabL saalhereofi a pointer maaix in which Ihe weigh, percent ofthe 

IT— p* - - - >*» — te about 10 10 T?Z™ 

. and weigh, percent of the hydroataaotan, In ate polymer mamx . abou 
TOweightpercenf.adosagefomradapted.odeiiverinUtestoma^asa 

ingle dose and over a prolonged ume pehod, prefer* a, least 4 our, and 
JL more prcferably 8-12 hou*. a therapeuhcally-effeclive amount of n 
active agent, wi* the relative absorption index of the dosage form berng « 
, 0 east 0, and prefer* a, .as. 1 .0; a unitary compressed dispers.no a 
solid active agent in a gel-forming, erodible polymer matnx hav,ng a firs, 

2T« — " - — - main,awn9 te ph ^:i::: i: 

prolonged period of ume and a second, non-erodib,e, non-gel-formm port on 
promoting — o, me dosage form in the stomach over a proved 
„ pel o, «me; the water soluble po^mer being polyethylene ox,de avt-S 
number average molecular weigh, of a, leas. ,00,000 grams per mole, a 
IpLion Iphsing about 5 wefch. peroen. .o abou. 50 weigh, percent o, 
riemyfen. ox«e pernor having a number average moieouiar we,gh, 
STL. 100,000 and 20.000.000 grams per mole and abou. 5 we«h, 
20 ^2 .o abou. 60 weigh. pe.en, of a hydroxypropyl celluiose pointer 
aving a hydroxypropyl con.en, o, between about 10 weigh, percent** 
ab ou ,1 3 weigh, peroen, o, me hydroxypropyl cellulose p^mer; an a<* 
agen. dosage form adapted for gasthc retention comprising an ac^ve agent 
selected from the group consisting of acyclovir, ganciclovir. metform,n. 
. u :pion,or,is,a.andminocy.ine. and a bioerodible polymer, wheremlhe 
sage form reieases a ,herapeu«ca,W effective amount o, the acbve gen, to 
ft. slach of a subiec, over a. leas, a 6 hour pehod; an acave age , 
d osage form adapfed for gastric retention comprising an active agent 
JLt adap.ed to deliver active agen. over a prolonged penod to the 
30 Z mach o, a subiec, to which the dosage form is administered and a polymer 
maaix including a *h molecular weigh., water-soluble po^mer and a 
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hydroattractant combined * the adve agent reservoir and adapted to 
expand when contacted with fluid In the stomach o, the subject and promote 
re .e„«on of me dosage form in me sfomach of .he subject a dosage for™ 
wherein the po^mer matrtx is fubuiar and surrounds the a*e agen 
. reservoir comprising a band of insoluble matena, circumscnbmg at toast 
pol o, ma polymer matdx; delivery o, acdve agen, from fhe ac*ve agent 
etl that s L*+ -*« gastricretenUve, bioerodibie adve agen 
Ige forms adapted .o deiiver an acdve agen. a, a control rate such the, 
the relate absorption index of the active agent delfvered ,s a. leas 0 5. 
. is c-reten„e. bioerodible active agen, dosage fena adapted to da ,ver a 
Lrapeudcalry affect amoun, o, me active agen,s acyc,ov,r. gancclovir, 
cime,idine, ranWine, captropii, me«hyldopa, selegiline. 
m etformin, bupropion. orlista, and —dine, or a pharmaceutic* y 
acceptabie sal, thereof, ,o ,he stomach o, a subject over a susfarned 
. Zon period and bioeduivaients mereof. a memod Creating a su ,ect ,n 
2 meL an * agen, ma, comprises administehng fha achve 
aoem to ,ha subject in an active agen. dosage form comprising a wate 

1 awallaJe poiymar and a hydroadractent adap.ad for gas«c ~ 
and retease of .he acdve agen, over a prolonged pedod; a dosage form and 
20 lie. for admib^ng a, teas, 500mg of acyciovlr to a subject over a, .as. 
112 hour pedod; a dosage form and memod for administering a. leas. 

0 mg o, ganciclovir to a subject over a. leas, a 12 hour period; a dosage 
Z and memod for admiring a, teas, ,00 mg o, minocyefme to a 
la, a, teas, a ,a hour petted; a method o, administedng a gastric ratendva 
25 dosage form ma. is adapted to swell in the stoma* of a sub,ect ma, 
comprises administering the dosage form to me subject in the ted stete. 

The above describe has been given for ease o, understendteg o* 
no unnecessary »m«a..ons shouid be understeod .herefrom, as morons 
will be obvious to those skilled in the art. 
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WHAT IS CLAIMED IS: 



, An artive agent dosage form adapted fo, gash* retention 

, compriaing (a) a therapeudcal^necdve am0Unt * °" " 
;Ze r ma* ,n which *. acnve agent is dispel or dlasolved. fhe 
earner induding a swellable. —M* and 
Joat.rac.an,, me po^mer mablx having an ou*r 
,1 environment of use. and (o) a, ieas. one band of insoluble m— 

. oiling a podion o, me surface o, the P*— ^ 

2 The active agent dosage form of Claim 1 wherein 
.erage mortar weigh, o, .he water-solub. poVmer is between about 
10 0.000 and 20,000.000 grama per mole ^ ^ 

3 The active agent dosage form of Claim t wn 

, bte ootvmer is polyethylene oxide, hydroxypropyi oeiiuiose, hydroxypropyi 

oa JL carboxymethy, celiuioae, methyl cellutose, po,yacryl,c add, 
m »ltodextrin pre-gelafinized starch or polyvinyl alcohol. 

. . „ a „ ractant ls ^-substituted hydroxypropyi cellulose, microc^stalline 
" V te Tol 1 sodium or calcium carboxymefhyl cellulose, cellulose 
cellulose, «. W- ^ ^ add . cross . 

r a. — — °r ■ °° m 

Z granules, rice starch granules, potato starch granule or sodium 

ag en. is an antiviral, antimicrobial, antidiabetic, amihperglycamic, 
agent . onressan , anU „besity or antifungal acuve agent. 

hyP °T C r:r^ dosage form o, Cairn . wherein the active 
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selegiline, minocycline, metformin, bupropion. c*W or —dine or a 
pharmaceutical* acceptable salt thereof. ,„ thB „ elah , 
7 The active agent dosage form of Claim 4 wherein the tJttt 
percent of the water solubie polymer in the poiymer malnx is about 5 to 
, Cpercen, and weigh, percent of Ihe hydroahraaan, in one polymer 

matrix is about 5 to 60 weight percent. 

8 The active agen, dosage form of Caim 1 wherein fhe dosage 
form is adapted ,o deliver in the stomach, as a single dose and over a 
pronged time period, a therapeubcally-effecthre amount of the act,ve agent, 
L relative absorption index of the dosage form being a. leas, 0.5 
" T The acave agen, dosage form o, Claim 8 wherein the prolonged 

time period is a, least 4 hours. 

10 . The acbve agen, dosage form o, Claim 9 wherern the ume 

penod is between about 8 <o 12 hours. 

„. The acthre agent dosage form o, Claim 8 wherern the relauve 

ohenrotion index is at least 1 .0. 

2 An active agen, dosage form adapted ,o, gastric ,e,en„on 
uprising a unwary -pressed dispemion of a sol^bve agen, ,n a gel- 

■ ===22£== 

M dosage torn, in the stomach over a prolonged penod o We. 

13 The dosage form of Claim 12 wherein ate polymer includes 
p 0 JyL oxide having a number average molecular weigh, of a, leas, 

M ^"0"; « of Claim 13 wherein one * agen, is an 
anuviral. antimicrobial, anMiabetic, anbhperglycemic, hypoglycemic, 
antidepressant. anuobesit, or antifungal active agent. 

6 The dosage form of Claim 14 wherern ,he achve agen, 
„ acyclovir.' ganciclovir, minocydine, cfmeudine. ranWine, cap,opdi. 
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melhyldopa, selegiline, minocycline, fexofenadine, metformin, bupropion, 
ortistat or a pharmaceutic* acceptable salt thereof. 

16 A composition comprising about 5 weight percent to about 
50 weigh, percent of a polyethylene oxide polymer having a number average 
. moled weigh, of between about 100,000 and 20.000,000 grams per moie 
and abou. 5 weigh, percen. .o about 60 wefch, percent of a hydroxypropy. 
Lose potvmer having a hydroxypropy, content o, hereon about 10 wergh, 
Lent and about 13 weigh, percen, oflhe hydroxypropy! cellulose polymer. 
17 An aelhre agent dosage form adapted for gastric reteraron 
„ comprising an a*e agen, selected from the group consisting of acyctow 
Tanlov , metformin, bupropion. od,tet and minocycline, and a b,oerod,b, 

pZr. wherein tee dosage term reteases a therapeutically effect amount 
„1 acttve agen, to ,he stomach o, a subjec, over at leas, a 6 hour penod. 
1 8 A active agent dosage form adapted for gastric retortion 
. comprising an aoave agen. reservoir adapted to delrver acSve agent over a 
prolonged penod ,o me stemach o, a subject to which me dosage form . 
IminLred and a poiymer mahlx Including a h*h 
so ,uo,e poller and a water-inaoluble hydroanracten, ,o,ned «o the achve 
agen, reservoir and adapted ,o expand when conlaCed wim tad m ft. 
20 stomach ofthe subject and promote reten,ion ofme dosage form ,n ,he 



stomach of the subject. rmrtrhfta 

19 The dosage form of Claim 18 wherein the polymer matnx is 
tubu ,ar comprising at least one band of insoluble material circumscribing at 

least a portion of the polymer. 

20 The dosage form of Claim ,9 wherein the delrvery of acave 

agen, from the active agen, reservoir is osmotic* dnven^ 

21 A gastritKetentive, bioerodible active agent dosage form 
adapted to deliver a therapeutically effecfrve amount of an active agen, a, a 
Jrolled rale such teal me reMve absorption index of the active agen. 



25 



30 delivered is at least 0.5. 
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22 The active egent dosage form of Claim 21 in which the active 
agent is an antiviral, antlbiohc. antidiabetic, andhperglycemic, hypoglycemre, 
antidepressant, antiobesity or antifungal agent. 

23. The acuve agan, dosage form of Claim 22 in whidr the relabve 
, absorption index is equal to or greater than 1. 

24 A gastrioretentive. bioerodibla active agent dosage form 
comprising a water soluble swellable polymer and a hydroa.trac.an. adapted 
to deliver a therapeutically effective amount of the ac«ve agent to the 
stomach of a subiec. over a sustained retention period and bioequtvalents 

W ^ A method of treating a subiec, in need thereof with an acnve 
agent mat comprises administering to the subiec. a. the s*d of each dosing 
period one or more acdve agent dosage forms comprising the act«e agent 
and adapted fo, gastric retention and release of the active agent over a 

,6 sustained retention pedod. ,„ m , h ., 
26 A method of administering a gastric retentive dosage form that 
is adapted to swell in the stomach of a subject that comprises admiring 
1^ more dosage forms to the subiec, in the fed s*,e a, ,he s^d o, each 

dosing penod^ ^ ^ ^ ^ ^ adm , nlstration of tne 

" dosage form occurs witttin one hour ofdte subiec, consuming food. 

28. The dosage form of Claim 1 comprising a gas,ric-emp<y.ng 

delaying agent^ ^ ^ ^ ^ ^ ^ ^ 

25 delaying agent is selected from anWrolonergic agon*, meu^ellulose, guar 
gum, fate and tatty acids of 10-15 carton atoms. 
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